Abstract-A kinin (material c), which was different from kallidin, methionyl-lysyl bradykinin (MLBK), bradykinin (BK) and neurotensin, released from rat plasma by the kinin-forming enzyme in rat stomach was pharmacologically compared with BK and histamine or serotonin (5-HT) in various in vitro and in vivo systems. Material c produced contraction of isolated rat uterus, rat fundic strip, isolated guinea-pig ileum and guinea pig tracheal chain; increased the vascular permeability of guinea-pig skin to circulating Evans blue; and produced a fall in rabbit blood pressure. Such effects were also produced by BK, but both were clearly discriminated by their quantitatively different activities. Histamine was not effective on isolated rat uterus, isolated rat duodenum, rat fundic strip, and rabbit blood pressure; produced contraction of isolated guinea-pig ileum and guinea-pig tracheal chain; and increased the vascular permeability of guinea-pig skin; but these activities were quantitatively different from those of material c. The con traction of isolated guinea-pig ileum elicited by histamine was sustained until it was removed from the bath, but those provoked by material c and BK gradually faded. 5-HT was qualitatively different from material c and BK with respect to contracting isolated rat duodenum. 5-HT also produced contraction of isolated rat uterus and rat fundic strip and produced a fall in rabbit blood pressure, but these activities were quantitatively different from those of material c and BK. As mentioned above, material c was quanti tatively and qualitatively different from histamine and 5-HT.
We reported the existence in rat stomach of the kinin-forming enzyme (KFE) which has an optimum pH of 4.8 (1) . This enzyme was characteristically similar to cathepsin D with respect to its specific inhibitors and pH optimum (2) . Four uterine-contractile active materials (a, b, c, d) were obtained by incubating rat plasma with the KFE at pH 4.8 (3) . Material c was the major product (67% of total activity in the isolated rat uterus con tractile activity) in the reaction of rat plasma with the KFE and was characterized bio logically as a bradykinin (13K)-like peptide with respect to the pharmacological actions. However, it differed from kallidin, methionyl lysyl-BK (MLBK), BK and neurotensin with respect to the retention time on high performance liquid chromatography (3) .
This report describes the pharmacological comparison of material c with BK and hista mine or serotonin (5-HT).
Materials and Methods
The following isolated tissue preparations were used: rat uterus (induced estrus, estradiol 40,000 I U/kg, i.m., 16-20 hr prior to sacrifice); rat duodenum and fundic strip prepared by the method of Vane (4) , excised from Wistar rats weighing approx. 200 g; and portions of terminal ileum and tracheal chain prepared by the method of Iwasawa et al. (5) , obtained from Hartley guinea-pigs weighing approx. 300 g.
All tissues were suspended in a bath filled with aerated, atropinized (10-6 g/ml) physio logical solutions maintained at 30°C. De Jalon's solution was used as the bathing medium for rat uterus and rat duodenum, Krebs' solution for rat fundic strip, Tyrode's solution for guinea-pig ileum, and Locke Ringer's solution was used for guinea-pig tracheal chain. A tension of 0.5 g was applied to the guinea-pig tracheal chain and 1.0 g to all other tissues. Responses were recorded on a kymograph with a lever (magnification was 8:1 on rat uterus, rat duodenum and guinea-pig ileum, and was 13:1 on rat fundic strip and guinea-pig tracheal chain). The capillary permeability was estimated according to the method of Miles and Miles (6) in guinea-pigs after intravenous injection of Evans blue (0.5 ml of 3.0% solution) by comparing the intensity of the blue coloration around the intradermal site of injection of the test samples. The intensity of the blue coloration was indicated as the amount of dye leaked which was determined by the method of Harada et al. (7) .
The blood pressure was recorded from the carotid artery of urethanized (1 .5-2.0 g/kg, s.c.) rabbits. The test sample was administered into the cannula tied into the vena marginalis. Doses are expressed on a weight basis.
Material c was prepared according to the method described previously (3) . Briefly, extraction with n-butanol, distilled water and methanol was carried out with the reaction mixture obtained by incubating rat plasma kininogen with the KFE in the rat stomach. Material c was separated by the procedures of gradient and equilibrium chromatography on SP-Sephadex C-25 columns, gel chromato graphy on Sephadex G-25 column and high performance liquid chromatography with a Zorbax ODS reversed-phase column.
Materials: the following reagents were used: kallidin, methionyl-lysyl-bradykinin (MLBK) and bradykinin (BK) (Protein Research Foundation, Osaka, Japan); hista mine dihydrochloride, serotonin (5-HT) crea tinine sulfate and Evans blue (Nakaral Chemicals Ltd., Kyoto, Japan); and atropine sulfate (E. Merck AG, Germany).
Results
BK, material c and 5-HT produced rhy thmic contraction of the isolated rat uterus as shown in Fig. 1 . The threshold for the re sponses to these test samples was 3.8 x 10-10, 5.2x10-11 and 1.8x10-9 g/ml, respectively. The patterns of the responses produced by these test samples were indistinguishable from each other.
As shown in Fig. 2 , BK and material c produced relaxation of the isolated rat duodenum, and 5-HT produced a contraction of this tissue. The thresholds for these re sponses were 9.9x10-11, 1.3x10-10 and 1.9x10-10 g/ml, respectively. The relaxation by material c as well as BK was associated with a decrease in spontaneous motility. On rat fundic strip, BK, material c and 5-HT elicited a sustained contraction until these test samples were removed from the bath (Fig. 3) . The thresholds for these responses were 6.6x10-10, 8.4x10-10 and 4.1 x 10-11 g/ml, respectively. BK, material c and histamine at low doses produced repeated spike contraction with large amplitudes on isolated guinea-pig ileum, whereas they produced repeated spike contraction with small amplitudes super imposed on the sustained contraction at high doses (Fig. 4) . The contraction elicited by material c and BK gradually faded, but that provoked by histamine was sustained until the test sample was washed out of the bath. The thresholds for these responses were 1.9x10-9, 5.5x10-9 and 3.3x10-9 g/ml, respectively. On guinea-pig tracheal chain, BK, material c and histamine produced a slow and sus tained contraction (Fig. 5) . The threshold The test samples were added to the bath at dots. The data presented are representative of four experiments. doses were 3.3 x 10-10, 1.5x10-10 and 3.5x10-9 g/ml, respectively.
The vascular permeability of guinea-pig skin to circulating Evans blue was increased by intradermal injections of BK, material c and histamine. Figure 6 shows the intensity (the amount of dye leaked) of coloration. BK (10-9 g/site) leaked 3.9x10-6 g of Evans blue/site.
The amounts of material c and histamine, which were equipotent to 10-9 g of 13K, were 7.5x10-10 and 7.5x10-,9 g/site, respectively.
The effects on rabbit blood pressure are shown in Fig. 7 . A fall of blood pressure was observed with intravenous injection of BK and 5-HT (1.3X10-6 g/kg) at their minimum doses.
The minimum effective doses of the test samples on the various test systems are summarized and compared with those of BK in Table 1 , and the amount of agonist which was equipotent to 10-9 g of BK on increasing guinea-pig vascular permeability was shown in terms of 10-9 g.
Discussion
We reported that kinin-forming enzyme (KFE) with an optimum pH of 4.8 existed in the rat stomach (1) and that the KFE activity was unaffected by trasylol, soybean trypsin inhibitor and p-tosyl-L-lysine-chloromethyl ketone, but was inhibited by pepstatin and chymostatin (2) . The activity of the gastrointestinal kallikrein (optimum pH of 8.5) is known to be inhibited by trasylol (8) (9) (10) . The catheptic enzymes of polymorphonuclear leukocytes (PMN cells) and macrophages release leukokinins at around pH 5.0, and their enzyme activities are inhibited by pepstatin, but not by trasylol (11) . Cathepsin D is inhibited by not only pepstatin but also by chymostatin (12) . Pepsin released MLBK from the plasma protein at pH 1.0 (13), and its enzyme activity is inhibited by pepstatin, but not by chymostatin (12) . The KFE was characteris tically similar to cathepsin D with respect to its specific inhibitors and the optimum pH, which was distinct from gastrointestinal kallikrein and pepsin (2) . Material c tested in the present investi gation is the major product in the incubation of KFE with rat plasma kininogen at pH 4.8 (3). The relative concentration (RC) of agonist was calculated to compare the potency of agonist with that of BK by dividing the minimum effective dose of agonist by the minimum effective dose of BK in the various test systems. As shown in Table 1 , material c was more potent as an agonist which con tracted the rat uterus (RC: 0.14) and the guinea-pig tracheal chain (RC: 0.45) than BK, whereas it was less potent on guinea-pig ileum (RC: 2.9) contraction than BK. The ability of material c to cause an increase in vascular permeability and to produce a fall in blood pressure was comparable to that of B K. According to Sturmer and Berde (14) , kallidin is less potent than BK on rat uterus (RC: 1.7), rat duodenum (RC: 2.0) and guinea-pig ileum (RC: 3.0); more potent on rabbit blood pressure (RC: 0.53); and equipotent on guinea-pig vascular perme ability on a weight basis.
The relative concentrations of methionyl lysyl-bradykinin (MLBK) are 1.0-4.0, 2.0 4.0, 2.0-10, 1.0 and 0.5 on rat uterus, rat duodenum, guinea-pig ileum, guinea-pig vascular permeability and rabbit blood pres sure, respectively, on a weight basis (15) .
Neurotensin is as potent as BK in its effect on rat duodenum and guinea-pig ileum, but one-fifth as potent as BK on rat uterus on a molar basis (16) . Previously we reported that material c was distinct from kallidin, MLBK, BK and neuro tensin with respect to the retention time on high performance liquid chromatography (3) . In the present investigation, it is seen that material c also differs from kallidin, MLBK, BK, neurotensin and leukokinins in terms of the relative concentration.
Material c was compared with histamine. Histamine was not effective on rat uterus, rat duodenum and rat fundic strip, and rabbit blood pressure; therefore, 5-HT instead of histamine was used on these test systems. As shown in Table 1 , the minimum effective doses of histamine to produce the con traction of guinea-pig tracheal chain and to cause an increase in the vascular permeability were 23 and 10 times as much as those of material c, respectively. The minimum effective dose of histamine to produce the contraction of guinea-pig ileum was com parable to that of material c. The contraction of guinea-pig ileum elicited by histamine was sustained until the test sample was removed from the bath, but those elicited by material c and BK gradually faded as shown in Fig. 4 . 5-HT was qualitatively different from material c and BK with respect to contracting isolated rat duodenum as shown in Fig. 2 . The minimum effective doses of 5-HT to produce contraction of rat uterus and to cause a fall in rabbit blood pressure were 35 and 28 times as much as those of material c, respectively; and the minimum effective dose of 5-HT to produce contraction of rat fundic strip was one-twentieth times as much as that of material c. As mentioned above, material c was quantitatively and qualitatively different from histamine and 5-HT.
The KFE content in rat stomach was much higher than that in any region of the intestine (2) . The kallikrein content in rat stomach was lower than that of any other region of the alimentary tract (17, 18) . We proposed that the KFE may function as a possible substitute for kallikrein in rat stomach (2) .
In the present investigation, even in con sideration of the apparent molecular weight (1650) of material c (3), it was proven that the pharmacological potency of material c produced by KFE was comparable to that of BK. Thus material c may also function as a possible substitute for BK in the stomach, such as KFE for the kallikrein (19, 20) .
Material c and leukokinins were both produced from the plasma protein by the catheptic enzyme. The amino acid sequence of material c may be similar to that of the leukokinins. Leukokinins are considered as possible mediators in injury, inflammation, anaphylaxis and shock (20) . Thus material c also may play a role not only as a factor controlling the normal vasomotor tone, per meability and motility of the stomach, such as BK in the intestine, in the normal physio logical condition of the stomach (18) , but also as a chemical mediator in a pathological condition of the stomach, as the leukokinins.
